Objective: To examine the association between eating in the absence of hunger (EAH) and adiposity in children. Design: Two cross-sectional studies in community settings. Subjects: For study 1, 348 children (178 girls and 170 boys) aged 7-9 years were recruited as part of the Physical Exercise and Appetite in Children Study. In study 2, participants were a subsample of children aged 9-12 years (N ¼ 316; 192 girls and 124 boys) from the Twins Early Development Study. Measurements: EAH was operationalized as intake of highly palatable sweet snacks after a mixed meal at school (study 1) or home (study 2). Weight (kg) and height (m) measurements were used to calculate the body mass index (BMI) s.d. scores. Children were grouped using the standard criteria for underweight, healthy weight, overweight and obesity. The healthy weight range was further subdivided into lower healthy weight (p50th centile) and higher healthy weight (450th centile) to examine the distribution of EAH across the adiposity continuum. Results: In both studies, EAH showed a significant positive association with adiposity in boys after adjusting for covariates (Po0.001), with a linear increase in the intake across underweight, healthy weight and overweight groups. The association between EAH and adiposity was not significant in girls in either study, although in study 1, results showed a quadratic trend, with EAH increasing through the underweight and healthy weight ranges and decreasing in overweight and obese groups. Conclusion: EAH is a behavioural phenotype that is not specific to overweight children but instead shows a graded association with adiposity across the weight continuum, particularly in boys. In this study, the effect was less pronounced in girls, which may reflect social desirability pressures constraining food intake among heavier girls.
Introduction
Eating in the absence of hunger (EAH) is a concept developed by Fisher and Birch 1 and operationalized by recording the intake of palatable foods following the consumption of a mixed meal to satiety. 1 It is often construed as an indicator of disinhibited eating and is one of the behavioural pathways implicated in the aetiology of childhood obesity. 2, 3 Previous studies have examined EAH in overweight children, 2, [4] [5] [6] [7] [8] preschoolers at high or low risk of overweight based on maternal prepregnancy weight 3 and children grouped by parental weight status. 9 Results show that children who are overweight or at higher risk of becoming overweight eat significantly more than normal weight/lower risk children in the EAH paradigm, and this appears to be a stable characteristic over childhood and early adolescence. 4, 5, 9 Comparisons of overweight and normal weight groups are valuable for characterizing clinical populations, but they neglect the possibility that EAH might be a continuously varying phenotype related to adiposity across the full range. One study reported a significant correlation between EAH and adiposity in a small sample (N ¼ 29) of preschool girls. 10 Another larger study found that EAH predicted weight gain over 1 year, although the effect became non-significant once the BMI at baseline was taken into account. 11 However, in both cases, these findings could be driven primarily by the differences between the overweight and normal weight children.
In earlier studies, we demonstrated that responsiveness to food cues was progressively higher from thinner to heavier children, while responsiveness to satiety decreased across the weight spectrum. 12, 13 However, this study used a psychometric measure of appetite completed by the parents, which could be susceptible to response biases, and therefore, it is important to replicate the findings using a behavioural measure of appetite. One complication in interpreting associations between weight and EAH is that gender differences have been reported in studies that included both sexes. Some studies have found weight-related differences in consumption for girls but not boys, 1, 10 two found differences in boys but not girls, 3, 7 and a recent study of Hispanic-American children aged 4-19 found no gender differences. 6 The reasons for the discrepancies are unclear. Where the effect was observed for girls only, the suggested mechanism was that girls were more responsive to parental restriction of snack foods than boys and, as a consequence, expressed more disinhibited eating. 1, 10 But it has also been argued that overweight boys are less susceptible to social desirability effects than girls and that in girls, the desire not to be seen overeating might inhibit the expression of EAH. 7 The purpose of the present studies was to examine the patterning of the association between EAH and adiposity in two socioeconomically diverse, mixed sex, samples in different community settings. One study was carried out with younger children (age 7-9 years) in school (study 1) and the other with older children (age 9-12 years) in the home environment (study 2). We hypothesized that EAH would show a graded association with adiposity across the weight distribution, and that the association would be observed in both sexes though potentially weaker in girls.
Method

Study 1
Participants. Children aged 7-9 years old were recruited as part of the Physical Exercise and Appetite in Children Study (PEACHES). This is a longitudinal study of associations between eating behaviours, activity and weight gain during childhood. Parents of children in year groups 3 and 4 in five schools in London (N ¼ 531) were invited to participate, along with their child, in a study of diet, activity and growth. The majority (N ¼ 385; 72%) gave consent for anthropometric measurements and participation in the EAH protocol for their child. Complete data were collected in 348 children (170 boys and 178 girls) because of absences from school on the days of testing.
Measures
Sociodemographic data. Date of birth, gender, postcode and ethnicity of participating children were provided by the schools during the first year of the PEACHES. Area level socioeconomic deprivation was calculated by matching the postcodes to census data from 1991, from which Townsend scores 14 were derived. The average Townsend score for the school was used in cases of missing postcode information or for dwellings built after 1991. For ethnicity, children were classified as 'white' or 'non-white' at the point of analysis, as there were insufficient numbers in the non-white categories for the analysis to be adequately powered with further subdivisions.
Anthropometric. Children were weighed and measured at one occasion in school by trained researchers using standard protocols. Height was recorded to the nearest millimetre using Leicester height measures (Seca, Birmingham, UK). Weight was measured using the Tanita TBF-300MA Body Composition Analyser (Tanita Corporation, Tokyo, Japan) and recorded to the nearest tenth of a kilogram. Inter-rater reliability of anthropometric measurements was calculated in a subsample of children (N ¼ 30) and high correlations of 1.0 and 0.99 were found for weight and height, respectively.
Eating in the absence of hunger. The EAH protocol was carried out approximately 20 min after the children had eaten their usual school lunch. Children were tested together in a classroom, seated in small groups around a table. At the start of the session, children rated their hunger, appetite and mood using 9-point bipolar likert scales adapted from Jansen et al. 15 Each child then received a puzzle book and a preweighed pack containing seven individually wrapped sweet snacks. Snack items were chosen based on the preference ratings from pilot data in the same age range (unpublished data). Specifically, the snack pack included two small chocolate bars (Cadbury's Freddos), two snacksized chocolate cakes (Cadbury's mini rolls), two bags of miniature-sized biscuits (Maryland chocolate chip cookies and Cadbury's animal chocolate biscuits) and a chocolate cake bar (Cadbury's chocolate cake bar). The weight of snacks varied slightly due to the differences in the manufactured products (mean ¼ 187 ± 8.7 g) and provided an average of 857 kcal. Children were told that they could do puzzles and eat as much or as little as they liked of the snacks. Instructions like not to talk or swap snack items were enforced by the research team. Remaining snacks were collected after 10 min and weighed to calculate the consumption.
Data treatment and statistical analysis. Body mass index was calculated from weight and height and transformed into age and gender standardized BMI s.d. scores based on the British 1990 reference data 16 using the Imsgrowth macro (from http://homepage.mac.com/tjcole). The same program was used to group children according to the International Obesity Taskforce cut offs for healthy weight, overweight and obesity, 17 and the recently proposed criteria for underweight (thinness grade 1, 2 or 3). 18 Healthy weight children were further subdivided into lower healthy weight (50th centile or under, but not meeting the criteria for
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We used linear regression analysis on data from the whole sample to test the interaction between BMI s.d. score and gender. This examined whether the association between adiposity and EAH intake was different for girls and boys. The analyses were then run separately by gender to predict EAH intake from BMI s.d. score. Models were adjusted for age, ethnicity, area-based deprivation, hunger, appetite and mood ratings. Age was included as a control variable because of the increased intake, which may occur with the increased energy demands of older children. Adjustment for ethnicity and socioeconomic deprivation level was included because of the possibility that these variables contributed to variation in either adiposity or food intake. Linear trend analyses were used to compare EAH across the five weight groups. We chose the weighted linear term in favour of the unweighted linear term because the distribution of weight in our sample was largely reflective of the population norms for the United Kingdom (HSE, 2006, all data publicly available from the UK Data Archive: www.data-archive.ac.uk). Given the discrepancies in the literature regarding the gender differences, trend analysis was carried out for boys and girls separately. Because the intraclass correlation between school and EAH consumption was below the conventional small value of 0.05 (intraclass correlation ¼ 0.01), and the number of clusters was small (five schools), correction for clustering effects was not appropriate. 19 All statistical analyses were carried out using SPSS (Version 15; SPSS Inc., Chicago, IL, USA).
Study 2
Participants. A subsample of twins aged 9-12 years from the Twins Early Development Study 20 took part in a study of EAH in the home context. The subsample had been recruited when the twins were aged 4-5 years to examine the predictors of weight gain, and was selected on the basis of parental weight, with half the families having overweight/obese parents and half having socioeconomically and geographically matched normal weight parents. 21 Home visits were carried out to 160 families (320 children) when the children were aged 9-12 years, and EAH and anthropometric measures were obtained for 316 children (124 boys and 192 girls).
Sociodemographic data. Family socioeconomic status, date of birth, gender and ethnicity of the children were collected by self-report questionnaire completed by the parents in 1999. Although four possible response options were provided for ethnicity (Asian, black, white or mixed race), children were classified as 'white' or 'non-white' due to the small numbers in non-white categories. Maternal education was used as a measure of family socioeconomic status, with the higher socioeconomic status group being defined as the mother having passed any school examinations above GCSE level or equivalent.
Anthropometric measures. Children were weighed and measured by trained researchers at the home visit. Height was recorded to the nearest millimetre using Leicester height measures (Seca). Weight was measured to the nearest tenth of a kilogram using a digital Tanita scale (Tanita Corporation).
Eating in the absence of hunger. Children were tested at home either before lunch (N ¼ 92) or at the end of the school day (N ¼ 224), at a time the children would usually have a meal. Before the EAH task, they were provided with a standard meal of sandwiches and fruit tailored to their preferences, and invited to eat to satiety. The EAH protocol took place approximately 10 min after the meal. The twins were seated at a table and each were given a puzzle book and a pack containing eight preweighed, individually wrapped, sweet snack items. The snack pack included two miniaturesized chocolate bars (Mars), two snack-sized chocolate cakes (Cadbury's mini rolls), a snack-sized portion of fruitflavoured chewy sweets (Skittles), two bags of miniaturesized biscuits (Maryland chocolate chip cookies and Cadbury's Animal chocolate biscuits) and two chocolate cornflake cakes (Marks and Spencer). Owing to the manufacturer variation in snack weights, the total amount provided varied slightly (mean ¼ 223 ± 17.8 g) and provided an average of 1006 kcal. Children were invited to do the puzzles and eat as much or as little as they liked of the snacks. After 10 min, remaining snacks were collected and weighed to calculate the consumption.
Data treatment and statistical analysis. Adiposity data were treated as described in study 1. The same methods were used for data analysis except that the complex sample analyses were used in SPSS to adjust for clustering within twin pairs. Models were adjusted for time of testing (before lunch or after school) and maternal education as an indicator of family socioeconomic status. Hunger, appetite and mood were not included in the adjusted model because they had not been measured in study 2.
Statement of ethics. All applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research. Both studies received ethical approval from the University College London Committee on the Ethics of Non-NHS Human Research.
Results
Study 1 (7-9 years old) Sample characteristics. Descriptive statistics are presented in Table 1 . Overall, 12.6% of the children who participated were overweight and 5.5% were obese, which was lower than the national average for England for this age group (32% overweight including obese, HSE 2006). Owing to the ethnic Eating in the absence of hunger and adiposity C Hill et al diversity of the participating schools, the proportion of nonwhite children (50.6%) was higher than the UK population average of about 9%. Area level deprivation was also above the national average of zero. 14 There were no significant gender differences in anthropometric or sociodemographic measures.
EAH consumption. Most children (94%) consumed some snacks (mean intake ¼ 44.9 ± 28.0 g, range: 0-165 g), with an average energy content of 216. Comparing weight groups, there was a significant linear trend in the association between intake and adiposity in boys (F(1,165) ¼ 10.66, P ¼ 0.001) and a significant quadratic trend in girls (F(1, 173) ¼ 3.78, P ¼ 0.05). As illustrated in Figure 1 , EAH increased progressively with adiposity in boys, Eating in the absence of hunger and adiposity C Hill et al whereas in girls, EAH increased from underweight, through lower and higher healthy weight, but there was a slight decrease in intake for overweight and obese girls.
Study 2 (9-12 years old) Sample characteristics. EAH consumption. The majority of children (94%) ate some of the snacks (mean intake ¼ 69.8±45.0 g, range: 0-238 g), which gave an average energy intake of 312.8±208.1 kcal. Four children ate all the snacks provided. As in study 1, boys ate more than girls (84.0±50.1 g and 60.6±40.6 g, respectively, t(314) ¼ À4.56, Po0.001). BMI s.d. score, gender and their interaction were entered simultaneously into a regression model. The interaction between gender and BMI was significant (Wald F(1,157) ¼ 5.89, P ¼ 0.02), and therefore analyses were performed separately for boys and girls.
In boys, BMI s.d. score was a significant predictor of EAH intake in the unadjusted (Wald F(1,61) Across the weight groups, a significant linear trend was observed in boys (Wald F(1,61) ¼ 18.06, Po0.001) but not girls (Wald F(1,95) ¼ 2.33, P ¼ 0.13). Figure 2 shows that EAH consumption was higher in overweight and obese than healthy weight or underweight boys, but the increase in EAH with adiposity was less pronounced in girls.
Discussion
In these two studies, we showed that the majority of children (over 90%) ate snacks when they were offered despite having just eaten a meal, indicating the power of sweet snacks to reinstate eating in the sated state. The younger children (study 1) ate an average of 217 kcals and the older children (study 2) an average of 313 kcals; representing a substantial 'extra' energy intake for their age. The results in boys confirmed our prediction that the amount of food consumed in the EAH task would be significantly associated with adiposity, with the thinnest eating less than the normal weight, who in turn ate less than the overweight or obese. In girls, the association between EAH and adiposity was weaker. In study 1, there was a trend for higher intake in the higher healthy weight than the lower healthy weight and underweight groups, but intake declined in heavier girls. When tested at home in study 2, there was a non-significant linear increase in the consumption across the weight groups in girls.
In a previous study, a positive correlation between EAH and adiposity was found in girls but not in boys, 10 consistent with other results on an exclusively female cohort from the same research group, 2, 4, 5, 8, 9 but other studies found higher intake in overweight (or high risk for overweight) boys compared with normal weight boys but no relationship for Figure 2 Mean ( ± s.e.m.) EAH intake (g) across the weight groups (study 2).
EAH, eating in the absence of hunger.
Eating in the absence of hunger and adiposity C Hill et al girls 3, 7 or a significant association with adiposity in both sexes. 6 One explanation that has been put forward for the presence of an effect in boys, but not in girls, is that the boys' intake in the EAH task reflects their appetite, whereas among girls, those who perceive themselves as overweight respond in a socially desirable manner, that is, by limiting their intake. The significant quadratic trend in girls in study 1 could reflect a generally positive relationship between adiposity and EAH, which is constrained by social desirability effects at the higher end of the weight distribution. In this study, children were tested together in schools, which is a context in which social desirability effects may be more likely to occur. However, this was not the pattern observed in study 2, where the consumption showed a weak increase with adiposity. Children were tested with their twin in the home in study 2, and so social desirability effects may have been less evident. However, confirmation of whether social desirability underlies the weaker association between EAH intake and adiposity in girls would require a study which systematically varies the social desirability demands. Our findings leave unexplained the results of Birch et al.'s work, 2, 4, 5, 8, 9 where EAH effects were observed in girls, and suggest that more research is needed to identify the situations in which EAH is expressed. Intake in the EAH task is sometimes described as reflecting disinhibition of otherwise restricted behaviour (often as a consequence of parental restriction). 2, 4, 5, 8, 9 The graded association with adiposity demonstrated in boys in this study indicates that EAH is not confined to manifestly overweight children who may have been restricted by their parents, which tends to go against the disinhibition explanation. However, it is possible that restrictive parental feeding styles are related to weight across the full spectrum. Further studies that include measures of parental restraint are needed to test this suggestion. We suggest that the results may be more consistent with the idea of a trait of responsiveness to palatable food cues 22 (also termed 'opportunistic eating'), 23 which is present to a varying degree across the population. If we are correct in our speculation that heavier girls acted in a socially desirable manner by deliberately restraining their intake in the EAH task, this appears to have overridden the possible effect of parental restriction and/or a behavioural trait of responsiveness to food. Given recent evidence that responsiveness to food cues is related to adiposity, 12,13 the present results may be a behavioural demonstration of this same tendency. Individuals with such tendencies who are not constrained by social desirability or deliberate restraint will be at greater risk of weight gain in environments that offer multiple opportunities to snack on palatable foods. The studies presented here have a number of strengths. Both had large sample sizes for behavioural studies (4300) and both included boys and girls. Study 1 was ethnically diverse and included more non-white children than white children, and both had a good range of socioeconomic backgrounds. It is encouraging that results from the two studies were similar, suggesting that they may generalize to other populations. The present studies also demonstrated the same pattern of results as studies using a standard protocol in a laboratory setting despite the additional confounding factors inevitable in a naturalistic setting. Given that younger children's eating occasions are largely within home or school environments, the results can be assumed to reflect how children respond to the presence of food in their natural environment. If the interpretation of the heavier girls' results in terms of social desirability is correct, then EAH could be less of a risk factor for weight gain in social situations and more problematic when food is consumed alone. The 'riskiness' of EAH may increase with age for both sexes, as children begin to have more opportunities to obtain snack foods to eat without the company of family or friends.
The studies also have limitations. The children were tested in a social context, which very likely influenced the outcome. Testing the children with others present may have limited the sensitivity of the EAH protocol to detect variation of behavioural responsiveness to food cues. Heavier children were under-represented in study 1, possibly due to their parents not agreeing to them participating. The crosssectional nature of both data sets makes it impossible to determine whether EAH is a determinant of adiposity or a consequence. However, other studies have found that responsiveness to food cues is a genetically determined characteristic. [24] [25] [26] [27] [28] [29] This has also been reported for EAH itself, 6 consistent with the idea that it is part of the aetiological pathway to obesity. 22 Study 1 is longitudinal and it will therefore be possible to examine whether children who ate more in the absence of hunger gain more weight over time, as demonstrated in Butte et al.'s 11 large sample of Hispanic-American children. However, these authors also found that EAH was no longer predictive of weight gain once BMI at baseline was included in the regression model. In conclusion, the studies presented here show that, in boys, EAH is a behavioural phenotype that is not specific to overweight or obese children but instead shows a graded association with adiposity. The weaker results in girls may indicate the influence of social desirability constraining the expression of food cue responsiveness. Different research designs are needed to assess food cue responsiveness free of the influence of social desirability.
